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Apparatus For Transfer of Heat Energy Between a Body 
Surface And Heat Transfer Fluid 

Cross Reference to a Related Application 
[0001] This application claims priority to U.S. Provisional Application Serial No. 
60/415,947, filed October 3, 2002 entitled "Internal Short Path Heat Exchanger" 
herein incorporated by reference in its entirety. 

Technical Field of the Invention 
[0002] The field of the invention concerns novel apparatus for transferring heat 
energy between a rotor surface of Couette type chemical reactors and heat transfer 
fluids, wherein the surface is contacted by the fluids for such transfer. Such 
apparatus can be referred to as a heat exchanger. More particularly, but not 
exclusively, the invention is concerned with new apparatus for uniformly cooling or 
heating at least one inside surface of a Couette type rotor shell on whose outer side 
heat energy is being produced or absorbed. 

Background Art 

[0003] Couette type reactor apparatus consists of two cylinders mounted one 
inside the other for rotation relative to one another about a common axis, the 
cylinders providing a narrow annular processing gap between their opposed stator 
inner and rotor outer surfaces. The materials to be processed are fed into an 
annular space formed therefrom. 

[0004] Such apparatus is described and shown, for example, in US Patents Serial 
Nos. 5,279,463 (issued 18 January, 1994); 5,538,191 (issued 23 July 1996), and 
6,471,392 (issued 29 October, 2002), the disclosures of which are incorporated 
herein by reference. In another type of the apparatus described in these disclosures 
describe cylindrical rotor and stator that have their longitudinal axes parallel but 
displaced from one another to provide an annular flow passage that varies in radial 
dimension about the circumferences of the opposed surfaces. 
[0005] Such apparatus is operable, for example, to quickly chemically react two or 
more materials together with high reaction rates In general, most chemical reactions 
are to a greater or lesser degree either endothermic or exothermic, and many are 
very strongly so. The achievement of the highest possible heat transfer rate, if 
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possible higher than is strictly necessary in order to provide a margin for adjustment, 
is therefore desirable to ensure that the processing temperature can at all times 
readily be maintained within those required limits, which can constitute a very narrow 
range, e.g. ±1°C. 

[0006] The requirement to transfer or exchange heat energy between bodies, 
and/or between fluids separated by a body wall, and/or between a body and a fluid, 
is essential in a vast number of processes and apparatus. Heat exchanger 
apparatus design and application is now a very mature art. Such apparatus may 
consist of a separate structure to which the transfer fluid is supplied and from which 
it is discharged, or it may be associated with and/or form part of apparatus in which 
the heat energy is produced or consumed. When employing liquid heat transfer 
fluids, temperatures will rise when cooling a surface and will drop when heating a 
surface. There are however many special cases, especially in chemical reaction 
processes, when surfaces which contain and control the reactants, are required to 
remove or introduce heat to the reactants very rapidly and at an as constant as 
possible temperature in order to avoid the production of unwanted side products or 
to improve reaction yields. Due to the fact that the heating or cooling liquids usually 
flow along the surfaces to be heated or cooled, picking up or giving up heat along 
their path, it is very difficult to obtain high heat flux rates through such surfaces and 
simultaneously maintain uniform and constant temperatures with such applications. 
There is therefore a constant endeavor to develop heat exchange methods which 
enable high heat flux rates while simultaneously maintaining uniform and constant 
temperatures on surfaces such as those used in chemical processing. 

Disclosure of the Invention 
[0007] It is the principal object of the invention therefore to provide new apparatus 
for such transfer of heat energy between body surfaces and heat transfer fluids 
which facilitate such an endeavor. 

[0008] In accordance with one aspect of the invention, there is also provided novel 
apparatus, the apparatus exterior being in contact with chemical reactants, for 
transferring heat energy at high flux rates and with uniform distribution of 
temperature to and from a body surface respectively from and to heat transfer liquid 
that is introduced into and removed from a space bounded by the body surface for 
heat transfer contact with the body surface, the apparatus comprising: 
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a casing providing a body surface of cylindrical transverse cross section that 
is to be contacted by heat transfer liquid; 

a plurality of heat exchanger elements within the casing ,to provide between 
themselves and the body surface a flow gap for flow of heat transfer liquid in heat 
transfer contact with the body surface; 

a first passage means traversing the plurality of heat exchanger elements 
from a first to a last heat exchanger element, from which heat transfer liquid can flow 
to and be distributed to the flow gap, passing through a first plurality of circular 
plenums; 

a second passage means traversing the plurality of heat exchanger elements 
from the last to the first heat exchanger element to which heat transfer liquid can flow 
and be collected from the flow gap, after passing through a second plurality of 
circular plenums; 

first passage means between respective heat transfer elements to their 
exteriors from the first plenum for flow of heat transfer liquid; and 

second passage means between respective heat transfer elements from their 
exteriors to the second plenum for flow of heat transfer liquid for flow of heat transfer 
liquid. 

[0009] The plurality of heat exchanger elements of such apparatus are connected 
with one another through respective, short connector tubes and are enveloped by a 
common body surface for heat transfer, all of the first plenums of the elements being 
connected with common first passage means, and all of the second plenums of the 
elements being connected with common second passage means. The first and 
second passage means may be provided by respective cavities in the element 
bodies. In particular embodiments, the plurality of heat exchanger elements of such 
apparatus are stacked. 

[0010] Another aspect of the invention provides for associated methods of use of 
the novel apparatus provided by the teachings of the present invention. 

Brief Description of the Drawings 

[0011] Particular preferred embodiments of the invention will now be described, by 
way of example, with reference to the accompanying diagrammatic drawings, 
wherein: 
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[0012] Figure 1 is a part elevation, part longitudinal cross section, through an 
exemplary embodiment of heat transfer apparatus of the invention as applied to a 
Couette type chemical reactor, comprising an exemplary motor driven cylindrical 
rotor disposed within a hollow cylindrical stator, the rotor being provided with an 
exemplary heat exchanger in accordance with the teachings the present invention; 
[0013] Figure 2 is a schematic part elevation, part longitudinal cross section 
indicating exemplary flow paths of a heat transfer liquid through and between six 
exemplary heat exchanger elements connected with one another through short, 
tubular connector means; 

[0014] Figure 3 is a cross section along line A-A of Figure 2, through the body of a 
heat exchanger element, parallel to the element's flat faces, showing the annular 
heat transfer gap and the circular cavities provided for first and second passage 
means for the heat transfer liquid; and 

[0015] Figure 4 is a cross section along line B-B of Figure 2, through a second 
plenum, separating two heat transfer elements, indicating the direction of the flow of 
heat transfer liquid returning from the heat transfer gap and flowing into the circular 
cavity of second passage means. 


List of Reference Signs for Drawings 


10 

Stator tube 

11 

Inlet for first process or reactant fluid 

12 

Inlet for second process or reactant fluid 

13 

Outlet for processed fluid 

14 

Rotor shaft 

15 

Shaft seal 

16 

Cylindrical tube providing rotor body 

20 

Processing gap between stator and rotor 

30 

Individual heat exchanger elements 

31 

End member for one end of element stack 

32 

End member for other end of element stack 

33 

End closure member for tube 10 

34 

Section A-A through a heat exchanger element 

35 

Section B-B through a second plenum indicating flow arrows and passage 

means 

36 

First element connecting tube part 

37 

Second element connecting tube part 

38 

Axial bores forming first passage means to first plenums 

39 

Axial bores forming second passage means to second plenums 

40 

Circumferential set screws 

41 

First plenum 

42 

Second plenum 
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50 Annular heat transfer gap 

51 Arrows indicating inlet flow of heat exchange liquid 

52 Arrows indicating inlet flow heat exchange liquid through first plenums 

53 Arrows indicating heat exchange liquid flow through gap 50 

54 Arrows indicating heat exchange liquid exit flow through second plenums 

55 Arrows indicating exit flow of heat exchange liquid 

60 Inlet for heat transfer fluid 

61 Outlet for heat transfer fluid 


Detailed Description 
[0016] Similar or equivalent parts are given the same reference number in all of the 
figures of the drawings, wherever that is possible. The thickness of various walls 
and the spacing between certain surfaces are exaggerated whenever necessary for 
clarity of illustration. 

[0017] In apparatus as exemplarily illustrated schematically in Figure 1 , the 
reactant materials, together with, if required, optional functional materials such as 
catalysts, reactant gas/es, surfactant/s, etc. are fed from respective supply tanks (not 
shown) via respective metering pumps or valves (not shown) to respective inlets, 
such as inlet 11 at one end of the apparatus in a tubular stator body 10, as known in 
the art. 

[0018] For some processes the provision of heat exchange means around the 
outside of the stator tube 10 of a Couette type reactor may provide sufficient cooling 
or heating, however, particular reactions that have high reaction rates, such 
arrangements will not provide sufficient cooling or heating and it becomes desirable, 
or even essential, to provide cooling or heating of the corresponding rotor surface. 
In Figure 2, a rotor shaft 14 is connected to a drive motor (not shown) by which it is 
rotated, usually at relatively high speeds. The processing portion of the rotor 
consists of a cylindrical tube 10 of uniform diameter along its length, the longitudinal 
axes of both the rotor body and the stator body being coincident with one another. 
An annular cross section processing gap 20 of uniform radial dimension around its 
circumference, and with a longitudinal axis coincident with the axes of the two 
surfaces and of the drive shaft, is formed between the inner cylindrical surface of the 
stator tube 10 and the outer cylindrical surface of the rotor tube 16. Material that has 
been processed in the processing gap 20 is discharged through an outlet 13 at the 
other end. For example and without limitation, a small high shear processing unit 
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can have an exemplary rotor circumference of 40cm (16in), while the rotor is rotated 
at 2,000 revolutions per minute; the exemplary radial dimension of the processing 
gap 20 will usually be in the range of about 0.2 mm to about 2.5 mm, more 
preferably from 0.3 to 2.0 mm. 

[0019] The heat to be removed or added through the rotor passes through the rotor 
and stator body walls, which are therefore as highly heat transmissive as possible, 
as by being made of heat conductive metallic material, and being as thin as possible 
consistent with the required structural strength, the heat conductive material can be 
material such as stainless steel 316, Hastalloy C (a wrought nickel-chromium- 
molybdenum alloy), rhodium plated carbon steel, etc. In conventional heat 
exchangers, heat transfer fluid enters one end of a chamber having the wall to be 
heated or cooled as one wall thereof and passes to the other end of the chamber 
where it exits, so that the path is constituted by the entire length of the chamber. 
Such structures are not able to provide close/tight control of the temperature of the 
wall, owing to the relatively considerable length of time for which any portion of the 
heat exchange fluid is in heat exchange contact therewith. Much tighter control is 
possible if the length of the path during which heat exchange takes place is short, for 
example about 3 cm or less, preferably about 2 cm, and more preferably about 0.5 
cm, and if a sequential multitude of such short path lengths are used, considerably 
higher heat flux rates are possible. Such short path lengths are possible with the 
apparatus of the invention, even when the overall length of the surface to be cooled 
or heated is relatively long, for example, from about 4 cm to 200 cm or longer. 
[0020] Thus, in heat exchange apparatus provided in accordance with the 
teachings of the invention, the use of an assembly comprising a number of individual 
heat exchange elements, each of which forms and provides its own short flow path 
length segment wherein the longitudinal dimension of each segment corresponds 
approximately to the longitudinal dimension of the respective element. In the 
embodiment illustrated by Figure 1 , the rotor heat exchanger is constituted by an 
assembly of ten heat exchanger elements 30 stacked end to end in contact with one 
another within the interior of the rotor tube 16 through connecting short tube 
elements 36 and 37. The end of rotor tube 16 is closed by a closure member 33 
which, in this example, is screw threaded to the end of the rotor tube 16. Other 
methods of attaching closure member 33 to the rotor tube 16 may also be utilized 
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such as bolting closure member 33 to the end rim of the rotor tube as known to those 
of ordinary skill in the art. 

[0021] Referring now more particularly to Figures 2, 3 and 4, in this embodiment 
each element 30 is cylindrical and of circular transverse cross section, the elements 
being held against rotation relative to one another by being brazed to the faces of 
connecting tubes 36 and 37. In Figures 3 and 4, sections shown depict stator tube 
10 in cross section, and inlets 1 1 and 12, for reference purposes. In this 
embodiment, each element is held in a concentric position relative to the inner 
surface of the rotor tube 1 6 through the height of the heads of three set screws 40, 
inserted around the periphery of the elements at equal circumferential distances. 
Set screws 40 are not shown in Figure 2 for clarification in order to more clearly 
illustrate heat transfer fluid flow. Bores 38 and 39 of the stack of elements register 
with one another so as to provide corresponding uninterrupted longitudinal first flow 
passage means through the stack that discharge into the plenums 41 and 42 leading 
to annular heat transfer gap 50. Inlet and outlet passages 60 and 61 , respectively, 
are corresponding with a suitable rotating joint in the shaft (not shown), and thence 
to a supply (or source) of heat transfer fluid. 

[0022] As an example only, in an exemplary Couette reactor apparatus as 
described above, where the rotor is of 40cm (16ins) circumference, and therefore 
12.73 cm (5.09 ins) diameter, the annular heat transfer gap 50 typically is of radial 
dimension from 0.2 mm to 2.0 mm. 

[0023] It will be seen therefore that heat exchange apparatus of the invention 
provides complete flexibility of design to meet the conditions under which the 
accompanying apparatus is to operate. The lengths and diameters of the stator and 
rotor tubes are determined by the specific nature of the reaction which is to be 
carried out in the apparatus, and the diameter of the heat exchange elements will, as 
described, correspond with the interior diameter of the rotor tube and the annular 
heat transfer gap 50, the radial dimension of which will be adjusted to correspond 
with the quantity of heat exchange fluid that is required as well as that of the heat 
transfer film coefficient (heat flux through a boundary layer of a fluid flowing past a 
heat transfer surface in kW per m 2 and °K), while the longitudinal dimension of each 
^ heat exchange element and the number that are provided within the rotor tube 16, in 
some embodiments end to end, will be determined by the degree of control that is 
required for the reacting materials in the processing gap 20 between stator and rotor. 
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[0024] It is therefore a characteristic of the apparatus of the invention that the heat 
transfer fluid can be made to engage the surface involved in the heat transfer for a 
relatively very brief period of time, and is then immediately removed and delivered 
into a plenum spaced from the surface, as contrasted with most conventional 
apparatus in which contact is prolonged for as long as possible. It is a consequence 
of this very short contact period that the majority of the temperature difference 
produced in the heat transfer fluid between the inlet and outlet plenums takes place 
during this short period, giving the possibility of much more precise control of heating 
or cooling rates/values than is possible when the contact time with the heat 
exchange surface is substantial. 

[0025] Although the apparatus of the invention has been shown applied to and 
forming an integral part of a particular machine, it is of course of general application 
to any situation in which heat exchange is required. Moreover, although the 
invention has been illustrated as applied to apparatus in which the heat exchange 
elements are of circular transverse cross section in order to fit within a round 
cylindrical tube, it is not limited in application to such shape and can equally be 
employed fitted into containing casings which are of non-circular cross section, such 
as oval, square or rectangular, and also with openings of different shapes within their 
periphery. 

[0026] While particular exemplary embodiments have been chosen to illustrate the 
teachings of the invention, it will be understood by those skilled in the art that various 
changes and modifications can be made therein without departing from the scope of 
the invention. 
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